An alternative and low-cost adsorbent (CS-APTES) was developed by the functionalization corn stover (CS) with 3aminopropyltrietoxysilane (APTES) using a simple method. Several analytical techniques were used to prove the functionalization and then, CS-APTES was employed to adsorb Reactive Red 141 (RR141) dye from aqueous solutions. The functionalization with APTES caused an increase of 15 times in the adsorption capacity. The adsorption of RR141 on CS-APTES was favored at pH 3.0 using a dosage of 3.0 g L -1 . The adsorption equilibrium was reached within 4 h, being the process thermodynamically favorable, endothermic, and controlled by chemisorption. The maximum adsorption capacity was 15.65 mg g -1 . CS-APTES was efficient to treat a colored effluent containing various ions and molecules. The use of 10 g L -1 of CS-APTES was sufficient to decolorize more than 98% of this effluent. It was concluded that CS-APTES can be easily prepared from CS, generating an efficient and low-cost adsorbent which, in turn, is able to treat colored effluents.
Introduction
Wastewaters arising from the use of synthetic dyes in industrial processes are becoming a notorious environmental issue. Many dyes are constantly used in food, paper, and mainly in the textile industry coloring processes. Due to the inefficiency in the coloring procedure, often a large percentage of the dye does not bind and is consequentially lost to the waste stream (Ratna 2012) . About 10 to 15% of the dye is lost in dyeing and therefore is released into the environment (Ventura and Marin 2013) . This discharge heavily affects water bodies causing severe contamination issues, which is potentially harmful to the aquatic systems and ecosystem integrity. Azo dyes are reportedly mutagenic and carcinogenic. These compounds are derivatives of diazene functional groups (HN=NH), in which the hydrogen atoms are replaced by hydrocarbyl groups (Moss et al. 1995) . These synthetic dyes have generally complex structures and their affordable cost and good fixative characteristics are particularly interesting for industrial purposes. For instance, the Reactive Red 141 dye (RR141) is widely used, but has been reported as potentially toxic to algae and water fleas (Vinitnantharat et al. 2008) .
Adsorption using agricultural wastes is an interesting alternative to remove dyes from aqueous media (Yagub et al. 2014) . This practice couples the advantages of adsorption unit operation, like low cost, easy to of operate, and efficient, with the intrinsic characteristics of agricultural wastes to uptake dyes . The agricultural wastes are normally composed of cellulose, hemicellulose, and lignin (Vanni et al. 2017) . Sometimes, these materials are of low cost, but have poor adsorption ability (Escudero et al. 2019) . To improve the adsorbent potential of agro-wastes, some works focused on its functionalization. Jabli et al. (2017) reported the chemical modification of almond shell waste using polydimethydiallyl-ammonium-chloride-diallylamin and its application to adsorb Acid Blue 25 dye. Chen et al. (2018) developed a hyper-branched polyethylenimine cellulose-based biosorbent, which was able to remove various dyes from aqueo u s m e d i a . M o h e b a l i e t a l . ( 2 0 1 9 ) p r e p a r e d a cetyltrimethylammonium bromide-modified waste to remove Congo red dye from aqueous solutions. The choice of the agro-waste material and modifying agent depends on some factors, including availability and affinity with the dye to be removed (Escudero et al. 2019) .
Corn stover includes stalks, leaves, and cobs that remain in the field after grain harvest. Although this agricultural waste may assist in replenishing soil organic carbon percentages, a lot of residue remains unused (Wilhelm et al. 2007 ). Thus, the exploitation of corn stover in adsorption studies is relevant since it avails an agricultural waste as a potential treatment of dye from wastewaters. Due to the presence of cellulose, hemicellulose, and lignin in its composition (Mourtzinis et al. 2016) , corn stover may be considered a reliable adsorbent material since its surface contains functional groups such as alcohols and phenols, which can be adsorption sites for a certain range of adsorbates, such as dyes . The highly polysaccharidic surface of corn agricultural waste also allows certain kinds of chemical modifications, which may be done in order to allow more efficient adsorption of specific adsorbates (Chen et al. 2012) . Considering this structural versatility, 3-aminopropyltrietoxysilane (APTES) can be a suitable functionalization agent to be applied onto corn stover, aiming to add amino groups through new bonds between silicon and oxygen present in the surface of the adsorbent. These groups are added in order to provide new adsorption sites, granting a more effective interaction of the adsorbent with the adsorbate (Leite et al. 2017) .
In this work, corn stover (CS), an available waste in Brazil, was functionalized with APTES by a simple method, in order to produce an efficient and alternative adsorbent (CS-APTES) able to remove RR141 dye from aqueous effluents. CS and CS-APTES were obtained and characterized by various analytical techniques. Then, CS and CS-APTES were tested as adsorbents to uptake RR 141 from solutions. The adsorption study was based on the analysis of kinetic, equilibrium, and thermodynamic aspects. Desorption and reuses were also investigated. The adsorbents were tested to treat a colored effluent containing several compounds.
Materials and methods

Materials and reagents
Reactive Red 141 (RR141), a double azo dye widely used in the textile sector, was used as target molecule. The chemical structure and main properties of RR141 are presented in Fig.  1 . Ethanol, hydrochloric acid, and sodium hydroxide reagents were purchased from Merck (Rio de Janeiro, Brazil) and used with no further purification. Ammonium hydroxide (NH 4 OH, 28-30% v/v) and 3-aminopropyltrietoxysilane (APTES, 98%) were provided by Sigma-Aldrich (São Paulo, Brazil). Corn stover was obtained from a local farm (Santa Maria, Brazil).
Preparation and functionalization of corn stover
The untreated corn stover was primarily washed with deionized water several times, ground (100 mesh) and oven-dried at 333 K for 24 h. The dried material was soaked in a 1:10 ethanol/water mixture, which was heated up to 373 K in a laboratory hot plate for 20 min. The washed material was filtered and oven-dried at 333 K for 24 h. The material collected after this step is referred to as CS.
The functionalization of corn stover was based on the procedure of Leite et al. (2017) . In detail, 5 g of dried corn stover was mixed in 50 mL of an ethanol-ammonia (100-250 μL) solution and then 2.5 g of 3-aminopropyltrietoxysilane was added. This mixture was stirred at 300 rpm under reflux at 348 K for 24 h until the product was formed. The NH 4 OH in this procedure acts as a basic catalyst in order to hydrolyze and rapidly polymerize APTES at pH 10-11. Afterwards, the product was dried at 343 K for 16 h in a muffle furnace. The product of this functionalization was named CS-APTES.
Characterization techniques
CS and CS-APTES materials were characterized using Fourier-transform infrared spectrometry (FT-IR), X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), point of zero charge (pH pzc ), and N 2 adsorption isotherms (BET). The equipment used for these characterizations were a Shimadzu IR Prestige 21 infrared spectrometer, a Rigaku Miniflex 300 X-ray diffractometer, a Jeol 6060 electronic microscope, and a Micromeritics ASAP 2020 surface area analyzer. The analytical procedures can be found in previous works (Leite et al. 2017; Lima et al. 2017) . Specifically, the point of zero charge (pHpzc) was determined using the 11-point experiment (Vanni et al. 2017) .
Reactive Red 141 adsorption on CS and CS-APTES
The adsorption experiments were realized in a Splabor SL-222 agitator using Erlenmeyer flasks with 25 mL of dye solutions, which were stirred at 125 rpm. The RR141 concentration was quantified using a Kasuani IL-226I-NM-BI VIS spectrophotometer at maximum absorbance wavelength (λ = 544 nm). Firstly, the pH effect on the RR 141 adsorption on CS and CS-APTES was evaluated. For this, solutions with initial RR141 concentration of 50 mg L -1 were prepared with initial pH values ranging from 3 to 10 (adjusted with NaOH and HCl). A total of 0.06 g of adsorbent was added in these solutions, which were stirred for 2 h at 298 K. Secondly, the CS-APTES dosage effect was investigated at pH 3, using the same procedure, but with adsorbent dosages from 1 to 5 g L -1 . Subsequently, kinetic curves were obtained using a pH of 3 and adsorbent dosage of 3 g L -1 . These curves were constructed for initial RR 141 concentrations of 25, 50, 100, 200, and 300 mg L -1 , and ranging the contact time from 0 to 240 min. Finally, isotherms were constructed at 298, 308, 318, and 328 K, using pH of 3 and adsorbent dosage of 3 g L -1 , in the concentration range from 0 to 300 mg L -1 . RR141 removal percentage (R, %), equilibrium adsorption capacity (q e , mg g -1 ), and adsorption capacity at any time (q t , mg g -1 ) were used as indicators of the CS-APTES potential.
Adsorption modeling: kinetics, isotherms, and thermodynamics RR141 adsorption onto CS-APTES was analyzed from the kinetics, isotherms, and thermodynamics viewpoints Piccin et al. 2017; Bonilla-Petriciolet et al. 2019; Lima et al. 2019) . Details are depicted in Table 1 . The parameters of these equations were estimated using the MatLab 2017 software. For this purpose, the nonlinear regression method and the objective function minimum least squares were employed. The fitting accuracy was verified by determination coefficient (R 2 ), adjusted determination coefficient (R 2 adj ), average relative error (ARE), and Akaike information criterion (AIC). These indicators and its respective details are also presented in Table 1 .
Desorption tests
CS-APTES desorption was tested using NaOH (1 mol L -1 ), NaCl (1 mol L -1 ), KOH (1 mol L -1 ), ethanol (92% v/v), and hexane (98.5% v/v) as eluents. A total of 0.06 g of CS-APTES loaded with RR141 (obtained in the adsorption at pH of 3 and 3 g L -1 of adsorbent) was inserted in 25 mL of eluent solution and this mixture was stirred at 125 rpm for 2 h. At the end of the experiments, RR141 concentration was quantified using a Kasuani IL-226I-NM-BI VIS spectrophotometer at 544 nm.
Application in colored effluents
The potential of CS-APTES to treat effluents containing not only RR141 was also evaluated. A simulated dyehouse effluent was prepared with the following composition (Georgin et al. 2018) : 300 mg L -1 of RR141, 60 mg L -1 of malachite green, 60 mg L -1 of methylene blue, 60 mg L -1 of crystal violet, 100 mg L -1 of NaCl, and 100 mg L -1 of NaHCO 3 . Different CS-APTES dosages were added in 100 mL of this effluent, and the mixture was stirred for 2 h under ambient conditions. Visible spectra (300 to 800 nm) of untreated and treated dye house effluents were acquired in a UV-Vis spectrophotometer (Shimadzu, UV-2600, Japan). The efficiency of the treatment (E, %) was measured in terms of color removal percentage, which was estimated according to Lima et al. (2017) .
Results and discussion
Characteristics of CS and CS-APTES CS and CS-APTES were characterized using FT-IR, XRD, SEM, EDS, pH pzc , and BET. FT-IR was performed to investigate functional groups in each material, as well as to point structural differences caused by the functionalization procedure. The spectra of CS and CS-APTES materials are shown in Fig. 2 . The spectra of CS and CS-APTES show the presence of typical functional groups of cellulose, hemicellulose, and lignin, which are generally present in agricultural wastes such as corn stover. The structures of these compounds usually consist of ketone, alcohol, alkenes, esters, aromatics, and other oxygen-containing functional groups (Yang et al. 2007 ). The band seen at 3445 cm -1 in the CS spectra can be attributed to phenolic O-H bond stretching vibrations (Leite et al. 2017 ).
This band shifted to 3420 cm -1 in the CS-APTES spectrum, which may indicate that phenolic O-H bonds present in the CS structure are forming new bonds with functionalization of the material. The band seen at 2918 and 2920 cm -1 (for CS and CS-APTES, respectively) appears due to C-H stretching vibrations. The bands at 1730 and 1644 cm -1 for CS and 1720 and 1649 cm -1 for CS-APTES can be assigned to C=O and 
q 1, q 2 , theoretical adsorption capacities; k 1, k 2 , rate constants; q m , maximum adsorption capacities; K L , K F , isotherm constants; 1/nF, exponent; T, temperature (K); R, universal gas constant (8.314 × 10 −3 kJ mol −1 K −1 ); K, thermodynamic equilibrium constant; M w , molecular weight of RR141 dye (mg mol -1 ); γ RR141 , activity coefficient of RR141 dye in solution (dimensionless); γ, the unitary activity coefficient of MV (1 mol L −1 ). It was assumed that the solution is sufficiently diluted in order to consider γ MV = 1. ΔG 0 , ΔH 0 , and ΔS 0 = standard values of Gibbs free energy, enthalpy, and entropy, respectively HO-C=O stretching vibrations . Bands regarding O-CH 3 groups can also be accounted at 1457 (CS) and 1455 cm -1 (CS-APTES). The wavenumber in these signals did not vary significantly, which may indicate that acidic and metoxyl functional groups remained unchanged in the surface of the adsorbent after functionalization. A small band at 1105 cm -1 appears in the CS-APTES spectrum, due to Si-O-C deforming vibrations (Xu et al. 1997) . The presence of cellulose can be appointed in the bands seen at 898 and 897 cm -1 for CS and CS-APTES spectra, respectively. This region is assigned to the C-O-C stretching of the β-(1 → 4)-glycosidic linkages, which occur in cellulose (Wu et al. 2017) . In summary, FT-IR revealed that APTES have reacted mainly in the phenolic O-H bonds present in the CS structure. The formation of the CS-APTES was confirmed by the presence of Si-O-C links at 1105 cm -1 . XRD patterns of CS and CS-APTES are shown in Fig. 3 . The patterns indicate that both materials have a semicrystalline structure, with no relevant changes observed between the samples. The amorphous regions around 2 theta = 20°can be assigned to the lignin content. The crystalline peaks starting from 2 theta = 30°are characteristic of cellulose (Ciolacu et al. 2011 ). Similar to XRD, scanning electron microscopy images (Fig. 4) presented no significant modifications due to the functionalization and also due to the RR141 adsorption. All the SEM images ((a) CS, (b) CS-APTES, and (c) CS-APTES after RR141 adsorption) revealed that the materials presented a disorganized and fibrous structure with some randomized cavities and voids. These cavities and voids are typical of the corn stover structures, which are composed of fibers of lignin, cellulose, and hemicellulose .
Energy-dispersive X-ray spectroscopy of CS revealed that CS is formed by C and O. For CS-APTES, C, O, Si, and N were identified, demonstrating the functionalization. The EDS spectrum of CS-APTES after RR141 adsorption is presented in Fig. 5 . This figure revealed intense energy peaks attributed to carbon and oxygen energy transitions, as well as smaller peaks related to silicon, sulfur, and nitrogen. Carbon and oxygen are abundant in structures such as cellulose, hemicellulose, and lignin, of which corn stover is generally composed. Furthermore, silicon and nitrogen atoms appear due to the functionalization procedure, in which APTES molecules (containing centralized silicon atom and amino groups) were introduced to the adsorbent material. The presence of sulfur, on the other hand, is attributed to the adsorption of RR141, which contains SO 3 groups in its structure.
Point of zero charge (pH pzc ) obtained for CS and CS-APTES was 2.29 and 7.64, respectively. The CS surface becomes positively charged only at extremely low pH conditions (pH lower than 2.29), and, for this reason, CS is favorable to adsorb cationic dyes, as reported by Lima et al. (2017) . On the other hand, the CS-APTES surface is positively charged in a wide range of pH (pH lower than 7.64), favoring also the adsorption of anionic species like RR141. This occurred because APTES contains NH 2 , a weak basis that is easily protonable. Then, this is strong evidence that APTES was successfully inserted in the CS material, generating CS-APTES.
BET surface area, pore volume, and pore diameter of CS and CS-APTES are summarized in Table 2 . It was found that the functionalization of CS to generate CS-APTES caused small decreases in surface area and pore volume. This variation is not ideal, since pore volume is an important parameter to be considered when designing new adsorbent materials. However, this decrease may have occurred due to the functionalization procedure, which was expected to insert aminopropyl groups in the surface of the adsorbent. A possible explanation is that APTES have occupied some pores of CS. On the contrary, the functionalization led to an increase in pore diameter. This can be explained by the possible insertion mechanism described above, in which APTES molecules may cause stretching in the pores to permeate it.
Considering all characterization data obtained, a functionalization reaction was proposed (Fig. 6 ). Although the reaction illustrates possible bonds between cellulose and APTES, similar -OH groups are also available for attachment in hemicellulose and lignin molecules and are also likely to form new bonds analogously with the silicon atoms in APTES. This functionalization provoked strong modifications in the surface chemistry of the CS material pH and dosage effects on RR 141 adsorption The pH influence was studied prior to the other factors, since it is the most important affecting factor in liquid phase adsorption. pH affects the surface charge of the adsorbent material and, also, the ionization degree of the adsorbate molecules. The pH effect on the RR141 adsorption by CS and CS-APTES is depicted in Fig. 7a . It is evident that independent of the pH, CS-APTES presented better performance than CS. Under basic conditions (pH from 8 to 10), both materials presented poor adsorption, with removal percentages lower than 10%. This occurred because under these conditions, both materials are negatively charged (pH pzc for CS and CS-APTES was 2.29 and 7.64, respectively), causing repulsion of the RR141 molecules, which are extremely anionic due to the SO 3 groups (Fig. 1) . When the pH decreased from 6 to 3, the R values attained using CS were still lower than 10%. This can be explained by the lower pH pzc of CS, i.e., CS surface continues negatively charged even at pH 3, being unfavorable to adsorb RR141. On the other hand, CS-APTES was efficient under acid conditions, attaining 70% of removal percentage. This is due to the insertion of APTES in the CS surface. APTES contains amino groups which are easily protonable. These groups have increased the pH pzc to 7.64. As a consequence, the adsorbent surface was positively charged, favoring the interaction with the SO 3 groups of RR141. Interesting results of RR141 adsorption at low pH values were found by Georgin et al. (2018) using acid-treated avocado wastes as adsorbent. At pH 3, CS-APTES presented R values around 15 times higher than CS, demonstrating the good effect of the functionalization procedure. The subsequent results are then presented only for CS-APTES at pH 3. The CS-APTES dosage effect on the RR141 adsorption is presented in Fig. 7b . It can be noted that while the dye removal percentage (R) increases with the adsorbent dosage, the adsorption capacity (q) decreases. Maximum q value (16.34 mg g -1 ) was obtained at an adsorbent dosage of 1 g L -1 . In contrast, dye removal percentage reached its lowest value (32.68%). The highest value of R (95.74%) was obtained at an adsorbent dosage of 5 g L -1 , where also q reached the lowest value of 9.57 mg g -1 . Higher values of dye removal percentage as adsorbent dosage increases are expected due to the increase in the number of adsorption sites. Oppositely, the adsorbent dosage increases lead to a decrease in adsorption capacity (q). This effect is related to the reduction of total surface area in higher adsorbent dosages, which may occur due to aggregation during adsorption process (Vaghetti et al. 2008 ). Adsorbent dosage of 3 g L -1 was chosen for overall adsorption studies since it presented satisfactory values of q and R. Figure 8 depicts the adsorption kinetic curves of the system RR141/CS-APTES under different initial dye concentrations. The curves were typical, presenting a progressive increase in adsorption capacity, until attaining a constant value. From 0 to 40 min, this increase in q t values was most pronounced. This occurred because, initially, all adsorption sites are empty and the concentration gradient is high. So, the sites are occupied faster. From 40 to 200 min, the adsorption rate decreased. The two last experimental points of each curve (t = 220 and t = 240 min) presented no significant difference. So, it was assumed that the equilibrium was attained at around 240 min. This is a relatively short period and is suitable for biomass-derived materials, since this class of adsorbents has low values of porosity, and the adsorption is performed mainly on the external surface.
Kinetic results
The reaction models of pseudo-first-order (PFO) and pseudo-second-order (PSO) were used to fit the kinetic data in Fig. 8 . The fitting results are shown in Table 3 . Both models presented good predictions for the experimental values of q (q 1 and q 2 near to q exp ). However, it can be verified that, in the majority of the curves, the statistical parameters ARE, R 2 , and R 2 adj were better for PSO model. This shows that the entire curve is better represented by this model. In general, q 2 was physically consistent, since it increased with the initial dye concentration. Also, the initial adsorption rate values (h 0 = k 2 q 2 2 ) were higher at higher dye concentrations (C 0 = 200 mg L -1 and C 0 = 300 mg L -1 ). This confirms that, in the initial adsorption steps, the higher concentration gradient leads to a faster process. PSO model was then chosen to represent the RR141 adsorption on CS-APTES. 6 Proposed functionalization mechanism based on cellulose molecules present in the corn stover Equilibrium isotherms Figure 9 depicts the adsorption isotherm curves of the system RR141/CS-APTES under different temperatures. The curves were extremely favorable, with a strong inclination at lower equilibrium concentrations, demonstrating an efficient dye removal. This inclination indicates a strong affinity between RR141 and CS-APTES. Typical plateau was verified, indicating that all adsorption sites were occupied by the RR141 molecules. Concerning the temperature effect, higher values of adsorption capacity were found at 328 K. This trend is normally attributed to the higher intensity of thermal collisions between dye molecules and adsorbent surface (Sellaoui et al. 2016) and to possible swelling of the biomass structure (Escudero et al. 2019 ). These phenomena are most pronounced at higher temperatures. The isotherm curves were analyzed by fitting the Langmuir and Freundlich models. These results are presented in Table 4 . For the Langmuir model, ARE values were lower than 3.4%; Fig. 9 Isotherm curves for of RR141 adsorption by CS-APTES at different temperatures (pH = 3, adsorbent dosage of 3 g L -1 , 125 rpm) R 2 and R 2 adj were higher than 0.99. Also, the AIC values were in general negative. In the case of the Freundlich model, these statistical indicators (ARE, R 2 , R 2 adj , and AIC) were worse. It can be concluded that the Langmuir model presented best fit with the isotherm curves. The K L parameter presented a high order of magnitude, indicating a strong affinity between the dye and the adsorbent. This affinity was increased with the temperature, since higher K L values were found at 328 K. The q m parameter also increased with the temperature, showing that the adsorption capacity is favored at higher temperatures.
The maximum adsorption capacity of CS-APTES for RR141 was 15.65 mg g -1 . Sunantha (2011) evaluated cattail, water lettuce, and activated carbon as adsorbents to remove RR141. They found adsorption capacities of 1.63, 3.56, and 8.52 mg g -1 , respectively. The potential of waste metal hydroxide sludge to adsorb RR141 was verified by Netpradit and Thiravetyan (2003) , which found an adsorption capacity of 62 mg g -1 . In addition, Table 5 shows the adsorption capacities for RR141 of other adsorbents used to remove this dye from aqueous solutions. Considering that the CS precursor is a low-cost residual material and that the functionalization procedure is not complicated, the adsorption capacity and removal percentage values found in this work suggest that CS-APTES can be an option to remove RR141 from aqueous media.
Adsorption thermodynamics
The adsorption thermodynamic results are presented in Table 6 . The thermodynamic constant (K) values increased with the temperature, confirming the isotherm profile. All the ΔG 0 values were negative and were more negative at higher temperatures. Based on these results, it can be stated that RR141 adsorption on CS-APTES was a spontaneous process and was more favorable at 328 K. ΔS 0 and ΔH 0 values were estimated from the plot of LnK versus 1/T. The R 2 value of this plot was 0.9423. ΔS 0 was positive indicating rearrangements in the adsorbent surface during the adsorption. The endothermic nature of the adsorption process was confirmed by the positive ΔH 0 values. The high magnitude of ΔH 0 value is in agreement with chemisorption mechanism (Lima et al. 2019) . RR141 adsorption on CS-APTES was an entropy-controlled process since the term TΔS 0 contributed more than ΔH 0 to find negative values ΔG 0 .
Desorption results
NaOH, NaCl, KOH, ethanol, and hexane were tested as eluents to desorb RR141 from CS-APTES. This procedure was performed to verify the possibility of regeneration and reuse of the adsorbent. The results demonstrated that the desorption percentage values were lower than 12% regardless of the eluent used. The low values of desorption percentage corroborate that RR141 and CS-APTES have a strong affinity. It can be concluded that strong bonds were formed between RR141 and CS-APTES. These strong bonds cannot be disrupted by the tested eluents. This behavior is also in accordance with the high ΔH 0 value. In summary, regeneration and reuse are not possible for this adsorbent, but the evidence found in desorption study corroborates the chemisorption mechanism.
Efficiency in the treatment of colored effluents
The efficiency of CS-APTES to treat a simulated effluent containing RR141, malachite green, methylene blue, crystal violet, NaCl, and NaHCO 3 was evaluated. This effluent was treated with different CS-APTES dosages, ranging from 3 to 10 g L -1 . Figure 10 shows the visible spectra of the untreated and treated colored effluent. It was verified that the spectrum of the untreated effluent was continuously amortized with the increase in CS-APTES dosage. The color removal efficiencies (E) were obtained from the areas below the spectra. E values were 20.3, 44.8, 81.2, and 98.2%, using CS-APTES dosages of 3, 5, 8, and 10 g L -1 , respectively. The use of 3 g L -1 (best dosage found for the solution containing only RR141; Fig. 7b ) was not sufficient to treat efficiently the effluent. This is due to the presence of other dyes and salts that hindered the adsorption. CS-APTES dosages higher than 8 g L -1 were efficient, but the maximum efficiency (98.2%) was attained using 10 g L -1 of CS-APTES. In this way, CS-APTES is an efficient adsorbent to treat colored effluents.
Conclusion
Corn stover (CS), a low-cost and available waste, was functionalized with 3-aminopropyltrietoxysilane (APTES) in order to generate an efficient adsorbent (CS-APTES) to uptake RR141 dye from effluents. The analytical techniques suggested that the APTES was bonded mainly in -OH groups of CS. The main consequence of the functionalization was the change in the point of zero charge from 2.29 (CS) to 7.64 (CS-APTES), which was attributed to the insertion of amino groups in the material surface. This change favored the adsorption of anionic species like RR141. Concerning the adsorption results, RR141 was easily removed from the solution at pH 3. The kinetic and equilibrium profiles were well represented by the pseudo-second-order and Langmuir models, respectively. The adsorption equilibrium was attained within 4 h with a maximum adsorption capacity of 15.65 mg g -1 . Chemisorption bonds between CS-APTES and RR141 were suggested on the basis of the high ΔH 0 values (110.17 kJ mol -1 ) and poor desorption results. CS-APTES was efficient to treat a colored effluent containing dyes and salts, decolorizing more than 98%. 
